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I 
DETE RMINATION OF AMINO ACIDS 
AND NITRATES IN SOILS: 
Amino Acids, Ammonia and Nitrates in Manured 
and Limed Soil. 
By R. S. Potter and R. S. Snyder.** 
In view of the fact that no data had ever been obtained 
on the quantitative relationships of the organic material in 
the soil by such methods as would preclude a chemical trans-
formation, two things seemed desirable, in continuing the 
humus investigations1 at the Iowa Agricultural Experiment 
Station. First, to attempt the analysis of the organic mate-
rial of the soil without subjecting it to hydrolysis or other 
chemical change, and second, to correlate the proportionate 
quantities of the compounds or classes of compounds found 
with the kind of soil, its history, treaiment, fertility, etc. 
As the first step in this investigation, it was decided to 
determine the amount of amino acid nitrogen for the follow-
ing reasons: It is through protein material, carried by higher 
piant, bacterial, mold and animal residues and animal excre-
ments, that much of the nitrogen finds its way to the soil, and 
any information upon the amount of amino acid nitrogen 
contained in the soil would be of scientific and practical interest, 
because the amino acids are the chief products of the chemi-
cal hydrolysis and, under certain eonditions, of the biologic 
degradation of this material. It would also be of interest to 
COTll!)are the amounts of amino acid present as such in soil 
with those found by the long' continued boiling of soil with 
strong acids. There is an abnnclanee of data on this latter 
point. Lastly, the methods for amino acid nitrogen have 
been developed to a high degree of accuracy and sensitive-
ness, and hence definite results may be hoped for. 
HISTORICAL. 
Following is a brief but complete reVIeW of the investiga-
tions bearing upon this question. 
rrhat part of the nitrogen of the soil is in some kind of 
amino combination has been recognized for a long time. Bau-
Tllann found 2 that when soils are boiled with dilute acids 10 
• After the senior author took uo his present position in the Fall of 1913, many 
conferences were held with Prof. P. E. Brown. of this Station. and it was mutually 
agreed that this was a phase of the so-called humus problem which particularly 
needed study. The authors of this paper wish to express their thanks to ProfC'5.'J(·r 
Brown for his helpful suggestions and his interest in this work. 
1. J odidi and Collaborators, Iowa Rsch. Bull. 1, 3.. and 9 (1911). 
2. Landw. Vers. 32 (1886) 247. 
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to 20 times as much ammonia is produced as was originally 
present in the soil. He suggests that the nitrogen of this 
ammonia might have been present as amino compounds. Ber-
thelot and Andre3 found that the amount of ammonia and 
other soluble nitrogenous products produced from soil by 
the action of acids was directly proportional to the strengt.h 
of the acid, the duratiou of its action and the temperature at 
which it acted. From their results, they concluded that the 
greater part of the soil nitrogen existed in insoluble amides, 
and that acids split these into ammonia and soluble amides. 
Sestini4 upon treating "humus acid" with strong nitrous acid 
obtained a "significant" evolution of nitrogen, and from this 
fact states that his humus contains amino acid. Since it has 
been shown that unhydrolysed protein, when treated with 
nitrous acid gives nitrogen", he was not justified in the con-
clusion he drew. Using the same method, DojarenkoG reports 
from 1.01 to 1.34 per cent of amino acid nitrogen in humus 
preparations from various soils, but since he boiled his humus 
with dilue hydrochloric acid, his results cannot be considered 
as representing the amounts actually present in the soil. 
In the last decade Shorey7, Suzuki8, Jodidi9 , Lathrop and 
Brownlo, Robinson" and KelleyI2 have su bjected the solution 
obtained by boiling the soil, or its alkali extracted materials, 
with more or less strong acids, to the scheme of separation 
of the nitrogenous constituents into amids, basic and non-
basic compounas as outlined by HausmannI 3 and Osborne and 
Harris.14 In round numbers 25 % amide, 10% basic, 65 % 
of non basic nitrogen was found and J odidi showed that of 
the basic nitrogen a "large part" consisted of diamino acids 
and approximately 75 % of the non basic nitrogen was made 
up of monamino acids. Suzuki also subjected a sample of 
Kahlbaum's "humic acid" to the FisherI5 ester method of 
amino acid separation, and obtained several of the amlllO 
acids which had previously been separated from pure hydro-
lysed proteins. 
In recent years, Schreiner and Shorey have isolated, among 
a host of other organic compounds, the amino acids histi<lineIG , 
3. Cornpt. rend., 103 (1886) 1101. 
4. Landw. Vers., 51 (1899) 153. 
5. Schiff. Ber. 29 (1896) 1354. 
6. Landw. Verso 56 (1902) 311. 
7. Agr. Invest. Hawaii in 1905, Rept. Chern., p. 34. 
8. Bull. Col. Tokyo, 7 (1907) 513. 
9. Mich. Tech. Bull., 4 (1909); Iowa Rsch. Bull., I, 3 and 9 (1911). 
In. J. Ind. Eng. Chern., 3 (1911) 357); Am. Ch. Soc . , 27 (1910) 396. 
11. J. Am. Chern. Soc .. 33 (1911) 564. 
12. Ibid., 36 (1914) 429. 
13. Z. Physiol. Ch., 27 (1899) 5. 
14. J. Am. Chern. Soc., 25 (1903) 223. 
15. Z. Physiol. Chern., 33 (1~01 \ pP. 151. 412. 
16. J. Biol. Chern., 8 (1910) 382. 
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arginine17 and lysine1 8 from a weak alkali extract of soil, and 
there is every reason to believe that these compounds were 
present in the soil as such. The investigators made no at-
tempt to use quantitative methods. Quite recently Kelley 
and Thompson19 subjected the so-called humus solutions of 
several soils obtained by treating 40 g. of soil for 48 hours 
with 2 liters of 3 % of sodium hydroxide solution, to the Os-
borne and Harris scheme of analysis and obtained, as an 
average of the soils tested in per cent of total soil nitrogen, 
17 % amide, 6% basic and 34 % of non basic nitrogen. It has 
been shown by the writers20 that soil treated with 1 % sodium 
hydroxide gives a continuous evolution of ammonia for at 
least the first 19 hours, which was as long as the test was 
run, and that the ammonia given off in this time was in con-
siderable excess of that present in the soil as determined by 
aeration with sodium carbonate, or even by distillation with 
magnesia. Therefore, it would seem that the values they ob-
tained for the amide nitrogen were too high. 
Since the relative completeness of the precipitation of the 
basic nitrogenous compounds with phosphotungstic acid de-
pends largely upon their concentration in the solution, re-
serve must be exercised in drawing conclusions from the fig-
ures reported by Kelley and Thompson for the basic nitrogen, 
as no data are given showing to what volume of solution the 
phosphotungstic acid was added. 
The highest practical concentration they could have used 
was the concentration of about 1500 c. c. of the extract to 
200 c. c. 'l'hey could not have gone much farther than this, 
due to interference of sodium chloride crystallizing out. If 
it is assumed that this was what was done, in the 200 c. c. 
from the extract of the eight soils with th e highest and low-
est amounts of nitrogen, there would have been 0.202 g. nitroc 
gen and 0.0201 g. nitrogen respectively, and an average of 
0.084 g. nitrogen for the eight soils. When 200 c. c. solutions 
containing arginine, histidine, lysine and cystine are precipi-
tated by phosphotungstic acid, it has been shown21 that 
0.0101 g. nitrogen from these compounds is not carried down, 
and hence this correction would be added to the amounts 
of nitrogen found in such a precipitate. While it is probable 
that only a small proportion of the precipitate obtained with 
phosphotungstic acid by K elley and Thompson was due to the 
above mentioned amino acids, yet it is clear that a large 
17. Ibid . 
18. U. S. Dept. Agr. Bur. of Soils, Bull. , 88 (1913). 
19. J . Am . Chern. Soc . , 36 (1914) 438. 
20. J . Ind. Eng . Chern., 7 (1915) . 
21. J . BioI. l:hem., 10 (1911) 32. 
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part of any which might have been present would be in the 
filtrate. 
It is entirely possible that there were many other basic 
compounds only partially precipitated by the reagent, and 
of course, this would seriously modify the results, especially 
for the more dilute solutions. Then too, the hydrolysis in-
volved in concentrating the 1500 c. c. to 200 c. c. 'would be 
serious, and if such a concentration were not made, the solu-
tions were of a still greater dilution, and hence the effect 
of the solubility of the phosphotungstates all the greater. There-
fore, it is probably true that the figures obtained by Kelley 
and '1'hompson are too low for the so-called basic and too 
high for the non-basic nitrogen. 
After most of the experiments carried out in connection 
with this investigation were completed, there appeared a 
paper by Chardet22 in which he reports the analysis of four 
soils for t.otal, amino acid, and ammonia nitrogen. The re-
sults he obtained are given in the following table: 
SOIL 
1 
1 ................. 1 
2 .... __ __ . ...... .. I 
. 3 ........ .. ....... 1 
4 ............ ____ . 1 
I 
Total N. in 
% of Soil 
0.22 
0.28 
1.65 
2.10 
Ammonia N. in Amino Acid N. in 
% of Total N. % of Total N. 
6.5 66 
8.0 52 
6.0 68 
12.0 49 
'1'he details by which he obt.ained the above figures he 
gives as follows: The soil was treated with 2 pel' cent sodium 
hydroxide in the cold, the liquid was decanted and acidified 
with hydrochloric acid and filtered. '1'0 the filtrat.e a few 
c. c. of silver nitrate solution was added and upon filtration, 
a clear, colorless solut.ion was given. A 10 per cent barium 
chloride solution was added to this filtrat.e which was then 
made neutral t.o phenolphthalein with sodium hydroxide and 
the resultant precipitate filtered off. The solution obtained 
was aliquot.ed, part being t.aken for the determination of 
ammonia by distillation with magnesium oxide and t.he other 
used for the estimation of amino acid nitrogen by the method 
of Sorenson23. This method, following the details of Chardet. 
was applied to various soils by the writers, but. in no case 
was an appreciable amount of amino acid nit.rogen found. 
His results in other ways do not agree with our experience 
with soil organic matter. In the work done in this laboratory, 
not more than 35 per cent of the soil nitrogen was ever 
found in the filtrat.e obtained by acidification of the alkali 
22. Rev. gen. Chim., 17 (1914) 137. 
23. Z. Physiol. Chern., 60 (1909) 1; 64 (1910) 121. 
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extract. Kelley24 in his work found as an average of eight 
soils only 26 per cent of the total nitrogen in such a filtrate. 
rrhe only explanation of Ohardet's results which can be of-
fered is that the formol he used contained acid, as it usually 
does, and since he made no note of it, it is probable that no 
correction was made for this. 
It is, therefore, seen that except for the work of Ohardet, 
which has not been confirmed, the only proof there is of the 
presence of amino acids in the soil is the work of Schreiner 
and Shorey. Until quite recently, there was no method suffi-
ciently sensitive to permit of the accurate determination of 
the amino acids in the soil. rrhe copper method of Kober25, 
however, the details of which are given below, being capable 
of detecting with considerable accuracy one part of amino 
acid nitrogen in 500,000 parts of solution, has been found 
very suitable for soil work. By this method 5 to 30 parts 
of amino acid nitrogen per million parts of soil have been 
found, so it can easily be seen how the earlier methods would 
be entirely unsuited. The formol titration method of Soren-
son2G has been shown by Loebn to be accurate to only one 
part in 1600, while the Van Sly ke 28 method has been shown 
by its originator to be accurate to one part in 10,000, and 
besides is specific for the amino group, not for amino acids. 
THE KOBER METHOD FOR AMINO ACID NITROGEN 
It is not the place here to discuss at length the theoretical 
basis of the Kober method for amino acid nitrogen, as it is 
fully set forth in the papers by Kober29 and collaborators. 
Suftiice it to say that by it one may determine the A and B 
amino nitrogen in A and B amino acids and such derivatives 
of these compounds as have one hydrogen atom of the amino 
group replaced by "any positive radical or group as OHg -, 
an amino acid, or a combination of amino acids. rrhis includes 
all the amino acids thus far isolated from proteins, all the 
polypeptides and the pep tones. " In solutions having a hydro-
gen ion concentration of from 10_7.07 to 10_8.8, the compounds 
cited above dissolve quantitatively cupric hydroxide in the ' 
proportions indicated by the following relations: (Amino acid) 
20U; (Peptide) lOU. 
It should be particularly pointed out that in both the amino 
acids and their derivatives it is only the nitrogen which is in 
the amino group in the A and B position with reference to 
24. J. Am . Chern. Soc.,36 (1914) 438. 
25. J. Am . Chern. Soc., 35 (1913) 1546. 
26. Loc. Cit. 
27. Ber., 46 (1913) 696. 
2e. J. BioI. Chern., 7 (1910) . 
29. Loc. cit. also J . BioI. Chern., 13 (1912) 1; Am. Chern. J., 48 (1912) 383. 
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the unsubstituted carboxyl group, which is found by this 
method. Hence in a solution containing a peptide made up 
of four monamino acids on analysis the nitrogen obtained 
would represent one-fourth of the total nitrogen. 
If to a solution of the above hydrogen ion concentration 
containing a mixture of the copper complexes of the amino 
acid and the peptides sufficient barium hydroxide be added 
to give a 0.06 N. solution of the alkali, a definite fraction 
(86.5 %) of the copper from the free amino acid complexes is 
precipitated. Upon this is based the procedure of the method 
for the separate determination of the free amino acid nitrogen 
and polypeptide amino nitrogen. There are many other sub-
stances that dissolve cupric hydroxide, but it has been shown 
that these can be removed quantitatively with ammoniacal 
lead acetate. 
EXPERIMENTAL. 
'rhe technique of the Kober method as recommended by its 
originator was followed, with some modifications, in all its 
essentials in this work. 'rhe cupric hydroxide was prepared 
in an ice mixture and centrifuged instead of filtered as Kober 
recommends. The buffer solution was titrated from time to 
time, and it was found to hold its original strength. The 
thiosulphate solutions were standardized from time to time 
against standard iodine solutions. S. and S. no. 589, Blue 
Ribbon filter paper was used throughout, instead of S. and S. 
no. 590, as recommended by Kober. The no. 590 paper, al-
though more rapid, often caused trouble. Any other devia-
tions from the original method are cited in the proper place. 
It is a well known fact that dilute acids in the cold dissolve 
only a small part of the soil nitrogen, yet it is known that 
1 % He1 dissolves some organic nitrogen30, hence it was 
thought possible that any amino acids present would be dis-
solved. Of a ~oil which contained 0.181 per cent nitrogen, 
150 g. was shaken with 300 c. c. of 0.2 N. hydrochloric acid 
for one hour. 'rhe mixture was poured upon a paper filter, 
and 80 c. c. of the clear filtrate was transferred to a 100 c. c. 
flask; 7 c. c. of a saturated solution of lead acetate and 7 c. c. 
of ammonia (sp. gr. 0.90 ) was added, and water to complete 
the volume to 100 c. c. 'l'he mixture was thoroughly shaken 
and then filtered. '1'0 75 c. c. of the filtrate, 25 c. c. of a sat-
urated solution of barium hydroxide was added, and the am-
monia removed by boiling at a pressure of about 25 mm.* 
30. Kelley and Thompson, Loc. Cit. 
:+: After this procedure Kober found it necessary to remove lea.1 either 'with ])tltas-
si~un sl.lphide or sulphate. In our experience, the lead is . .!nti .... e ly precipitated by 
tho aJnn10nia. This is in harmony with the statement found in h'xt books that lead 
hydloxide is insoluble in excess of ammonia. 
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'1'he liquid was then made up to 75 c. C., the barium carbonate 
filtered off and 50 c. c. of the filtrate transferred to a 100 c. c. 
flask. '1'he solution was then made barely alkaline to phenol-
phthalein, 40 c. c. of "buffer " solution added, and after cool-
ing for about two hours or more in the ice box, one c. c. of 
a cold suspension of cupric hydroxide in 'water was pipetted 
in, the whole vigorously shaken, water added to the mark 
and the mixture filtered through S. and S. no. 589 Blue Rib-
bon filter paper. 
Fifty c. c. of the filtrate showed no trace of copper. Other 
soils treated in the same way gave the same result. Upon 
adding a small amount of alanine to some soils and then ex-
tracting with 0.2 N. hydrochloric acid in the same way, no 
amino acid nitrogen was found. '1'his result is somewhat in 
harmony with the fact that only from 60 to 70 % of small 
amounts of ammonia added to the soil are extracted ,vith 0.2 
N. acid. 31 
Dilute alkali is known to dissolve more organic matter 
from the soil than any other of the milder r eagents, therefore 
2 per cent sodium hydroxide was next tried as the extraction 
agent and was found to be quite satisfactory. Much the 
same procedure was used here as for the acid extraction, ex· 
cept that 600 c. c. of the alkali was used with 150 g. soil. It 
is almost impossible to filter this extract by any of the ordi-
nary methods, so it was cleared by centrifuging in the rna· 
chine described in a bulletin from this station*. After whirl-
ing in this machine for a few minutes, the clear but dark 
colored solution was drawn off through the silver tube. Eighty 
c. c. of this solution was approximately neutralized with 1-1 
He1 and then the same procedure carried out that was used 
in the acid extract up through the filtering off of the excess 
copper hydroxide. 
Although with all the soils tested copper was always found 
in this filtrate, yet there was present some reducing substance 
which took up the iodine liberated by adding potassium iodide. 
H ence, instead of titrating directly 50 c. c. was placed in a 
beaker, acidified slightly with nitric acid, heated to boiling and 
bromine water added until a permanent color was given. The 
solution was then boiled down to about 10 c. c. and to make 
sure the last traces of free bromine were given. 30-40 c. c. 
water added and again boiled down to 10 c. c. The solution 
was cooled, neutralized with sodium carbonate, a very slight 
excess of 1 % hydrocholoric acid added and after the addition 
31. Potter and Snyder, Loc. Cit. 
'Stevenson, Wells and Coover. Iowa BulL, 124 (1911). A glass tube was orig-
inally recommended for drawing off the solution. We arc indeh~ej hi Prof. R. E. 
Smith for the suggestion of the use of a siver tube which h::ls been found Jnuch 
more satisfactory. 
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of the potassium iodide and starch solution, the free iodine 
was titrated with 0.001 N. sodium thiosulphate solution. Each 
c. c. of this solution equals 0.0280 mg. of amino acid nitrogen, 
or 0.0140 mg. peptide amino nitrogen. For the determination 
of the free amino acid nitrogen, 40 c. c. of the solution was 
placed in a Erlenmeyer flask; following the adding of 8 c. c. 
of 0.360 N. barium hydroxide, which precipitates 86.5 per cent 
of the free amino acid copper, the mixture was allowed to stand 
for 15 minutes, filtered and, after thoroughly washing the pre-
cipitate, washed through the filter with warm 1 per cent hydro-
chloric acid and then with water. The solution obtained was 
evaporated to a small volume, neutralized with sodium car-
bonate, slightly acidified with acetic acid and then, after the 
addition of potassium iodide and starch, titrated with 0.001 N. 
sodium thiosulphate. Here as above, 1 c. c. of the thiosulphate 
equals 0.0280 mg. amino acid nitrogen. It was pointed out by 
Kobel' that if polypeptides of six or more conjugated amino 
acids are present, they will prevent the precipitation of the 
free amino acid copper. In all the soils so far analyzed, it has 
been found that from 60 to 85 per cent of the copper was pre-
cipitated by the barium hydroxide, so the interference from 
that standpoint is probably negligible. 
As a check upon this work, analyses were run on some pure 
glycerine and alanine solutions, and also known amounts of 
these substances were added to soil and the increase in amino 
acid nitrogen found. For the analysis of the pure amino acid 
solutions, the indicated amounts obtained by aliquoting strong 
solutions were placed in 100 c. c. flasks, made up to about 80 
c. c. with sufficient sodium hydroxide to give a 2 per cent so-
lution of the alkali and from then on run exactly as was the 
soil. The amino acids were added to the soil by aliquoting the 
same solutions, and then sufficient sodium hydroxide solution 
to give 600 c. c. of 2 per cent alkali, and after shaking two hours 
and centrifuging, 80 c. c. of the extract were taken and the 
regular procedure carried out. The results are given in the 
following table and are calculated in every case to the amount 
of amino acid nitrogen in the 80 c. c. of solution or extract. 
From results set forth in table I, it is seen that by the 
analysis of the pure glycine 92.4 per cent of the theoretical 
quantity was found, while in the case of the alanine 94.6 pel' 
cent was found. Since the samples used were Kahlbaum's C. P. 
material, and since practically the theoretical amount of 
nitrogen was found in each case by the Kjeldahl analysis, the 
material is, no doubt, very close to 100 per cent pure. When 
it is considered how small amounts were dealt with in each 
case, the low percentages obtained are not surprising. In solu-
tions of glycine containing approximately the same amounts, 
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Kober found in one case 94.8 per cent and in another 95.7 per 
cent of the theoretical quantity. rrhe recovery of the 87.5 per 
TABLE I 
AMINO NlTROGEN IN MG. Per Cent 
SUBSTANCE I Found 
------1''-----'1 
Glycine ......... 1 0.224 0.203 
Added 
Glycine. . . . . . . . . 0.224 0.210 
Soil A ..... . ........... 0.168 
Soil A . ... ...... . ...... 0.174 
Soil A and 
Glycine....... 0.22~ 0.370 
Soil A and 
Glycine . . . . . . . 0.224 0.364 
Alanine .... . . . 0.224 0.208 
Soil A and 
Alanine .... ... 0.224 0.216 
Alanine ..... 0.224 0.375 
Soil A and I 
Amino 
Average Per Cent Recov- Aver- covered I I I I N. Re-Found ered age 
.. ~: ~6: .. ::::::::: .. 0: ~~~ .. " ~: ~~~ ..... ~7: ~ .. 
.. ~: ~~~ .. ::::::::: :: ::: . . ~: ~~~ ..... ~~:: .. 
Alanine ..... \ 0.224 0.380 
......... E ........ 0.199 . . ............... . 
0.212 94.6 \ . ... .. . . ......... .... .... . . 
----,----
cent of the added glycine and 92.4 per cent of the added 
alanine, when the many operations through which the soil solu-
tions must pass are considered, seems, on the whole, not unsat-
isfactory. ' 
In order to determine if the amount of amino acid nitrogen 
was increased by continued treatment with the alkali, samples of 
two soils were shaken with 2 per cent sodium hydroxide for vary-
ing lengths of time. The results are given in table II. 
TABLE II 
Time Shaken Amino Acid N. Time Shaken Amino Acid N. SOIL in Hours in p. p m. (a) SOIL in Hours inp. p . m. of Air Dry Soil of A iur Dry Soil 
I 
I! 
\ 
f 
A 
i 
1 8.4 C 1 22 .4 
2 8.1 I  2 23.0 1 7.8 1 23.0 
2 7.8 
I 
2 23.2 
4 8.4 4 22.4 
4 8.1 4 23.2 
6 8.4 6 23.2 
6 7.8 6 23.2 
(a) P. p. m .. FaIts per mIllIon. 
The results show that within the six hours for the soils 
tested, there is neither any decomposition of amino acids or 
degradation of more complex material to give amino acids. 
Of course, another possibility is that the rate of decomposition 
of the amino acids is_ just equal to their rate of formation, but 
that is hardly possible. These results are in harmony with the 
known stability of amino acids and of protein material as far 
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as amino acid production is concerned, in the presence of weak 
alkali. 
If a solution is found to contain a certain amount of amino 
nitrogen of free amino acids, then the increase in amino acid 
nitrogen after complete hydrolysis of the solution will give 
the total amount of peptide nitrogen originally present. This 
last procedure has been carried out in the case of two soils. 
'1'he hydrolysis was carried out by boiling the solutions for 15 
hours with 30 per cent sulphuric acid in flasks provided with 
reflux condensers. The results are given in table III. 
Soil 
A 
B 
TABLE III 
Nitrogen in p. p. m. Air Dry Soil 
Total Amino Acid 
8.1 
7 . 8 
23.0 
23.2 
Free Amino Acid 
5 . 6 
5.3 
15.0 
14.4 
Total Peptide N. 
32.6 
30.4 
30.0 
31.8 
It is seen that while there is quite a difference in the amount 
of total amino acid nitrogen in the two soils, yet there is prac-
tically no difference in the amount of total peptide nitrogen. 
The relationship of these quantities 'will be investigated more 
fully in the future in this laboratory. 
The consistency with which the amount of amino acid nitro-
gen is so small in the soils reported above points to the fact 
that, as with ammonia, there is not much tendency for it to 
accumulate in soils. rrhis is, perhaps, to be expected from 
the fact that amino acids are known to be very good nutritive 
media for bacteria. 3 2 It has also been shown by J odidi33 that 
those amino acids made up of aliphatic nuclei, when incu-
bated at room temperature for from six to ten days with soils, 
containing 18 per cent moisture in amounts varying from 
0.1 gr. to 0.5 gr. amino acid per 50 g. soil increased the 
amount of ammonia nitrogen in the soil by from 44 per 
cent to 74 per cent of the amount of amino acid nitrogen 
added. '1'he amino acids tyrosine and phenylalanine, con · 
taining carbocyclic groups, under similar conditions give rise 
to approximately 20 per cent less ammonia. As pointed out 
by J odidi, the actual production of ammonia might have been 
really greater, because part of the ammonia produced might 
have been nitrified. No doubt, also part of the nitrogen was 
assimilated by bacteria. The amount-of amino acid added to 
32. Czpek, Hofmeister's Beit., 1 (1902) 538; 2 (1902) 557; 3 (1902) 47; Emmer-
ling, Ber., 35 (1902) 2289. 
88. Iowa Research Bull" 9 (1912). 
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the soil by J odidi was far in excess of that actually present 
in any soil which we have examined, yet since he found the 
percentage transformations was about the same whether he 
added 0.1 g. or 0.5 g. of amino acid, no doubt the rate of 
transformation of still smaller amounts would be about the 
same. 
It is well known that the action of bacteria and boiling 
acids upon proteins gives rise to about the same product.s, 
namely, proteoses, pep tones, peptides and amino acids, but as 
pointed out above, the action of bacteria does not stop with 
amino acids. Another important factor to be taken into 
account when considering the transformation of soil nitrogen 
is the assimulation of the nitrogen by bacteria. While data are 
lacking on the chemical constit11tion of bacteria usually pres-
ent in soil, yet their composition is probably not far different 
from that of some of the pathogenic organisms. It has been 
shown by Cramer,S4 for instance, that Spi1'illt~m cholerae has 
a protein content varying from 45 per cent to 65 per cent, 
according to whether it was grown on a medium poor or rich 
in protein material. Therefore, in soil there are two opposing 
tendencies, namely, the degradation of the complex nitro-
geno·us material into its constituent part.s and subsequent 
ammonification and nitrification of these parts, and then t.he 
assimilation of the degradation products by the microflora 
of the soil to give again material less complex t.han for origin-
ally. * Of course, there are other changes, such as assimila-
tion of t.he nitrogen from the atmosphere and denitrification, 
but these and other changes need not be entered into here. 
It is a well known fact t.hat the introduction of . large 
amounts of fresh organic matter in soils causes a great depres-
sion or t.he complete disappearance of nitrates tberefrom,and 
also prevents any appreciable formation and accumulation of 
nitrat.e nitrogen. Various explanations have been offered to 
account for this, such as denitrification, assimilation, or the 
depression of nitrification because of accumulated interme-
diat.e products of degradation. Whether t.here is a continuous 
production of nitrates which are subsequently assimilated, or 
whether the organisms get their nitrogen from the ammonia 
or amino acids or other compounds cannot be definit.ely st.ated, 
but in well aerated soils not. t.oo wet, one would certainly 
expect nitrification to be taking place, and for t.he same rea-
sons none or only a negligible amount of denitrification. 'l'he 
use of t.he t.erm "acid soluble" by J odidi35 in the following 
statement has lead to some confusion on t.his question: "The 
.. ( 
34. Archiv. f. Hygiene. 12. 157; 13. 76; 16. 171. 
"It has been shown by Bierma (Centra. Bakt. Parasitenk · II Ant. 23 (1909) 672) 
that amino acids. as well as ammonia are assimilated by soil 'bacteria. 
35. Iowa Research Bull.. 3. 121 (1911). 
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principal portion of the acid soluble organic nitrogen con-
tained in the soil herein investigated is made up of acid amides, 
monamino acids and diamino acids." 
'rhc Kober method for amino acids, as we have applied it 
to soils will give definite information as to the amounts of 
amino acids actually present in soil, and will, therefore, show 
whether under various conditions there is any tendency fOl' 
these products to accumulate in soil. Interest in the q ues-
tion is also raised by the accumulating evidence that green 
plants may utilize amino acids"" for their nitrogen nutrition. 
While it. is not thought that green plants would utilize an 
appreciable amount of amino acid in the presence of nitrates 
and ammonia, yet it is possible that in soils temporarily de-
prived of nitrates, the amino acids, as well as the ammonia, 
might be used by the plant. 
It was to st.udy the problems suggest.ed by the above dis-
cussion that. the following experiment was performed: 
Several hundred pounds of soil A, which was acid to litmus 
and showed a line requirement of 3800 pounds of calcium car-
bonflte per 2,000,000 pounds soil by the Veitch 3 7 method and 
which contained 0.151 per cent of nitrogen, were pro-
cured. The sample was air dried, shaken through a four mm. 
sieve and very thoroughly mixed. Twenty pot experiments, 
each pot containing 30 pounds of air dry soil, were run with 
this soil with treatment.s indicated in table IV. 
Pot No. 
.I ~nd 2 
3 and ~ 
5 and 6 
7 and 8 
9 and 10 
11 and 12 
13 and 14 
15 and 16 
17 and 18 
19 and 20 
TABLE IV 
Treatment, in Tons per 2,000,000 lbs. of Soil 
Nothing 
4 of CaC03 
10 of Stable Manure 
20 of Stable Manure 
30 of Stable Manure 
50 of Stable Manure 
4 of CaC03- 10 of Stable Manure 
4 of CaC03- 20 of Stable Manure 
4 of CaC03- 30 of Stable Manure 
4 of CaC03- 50 of Stable Manure 
The manure used was collected from the stalls of horses 
and was made up of about equal parts of the droppings and 
of the wet. straw. It was cut up and mixed while st.ill moist 
and added to the soil in t.hat condition. The object of adding 
the moist manure was to avoid too great a modification of 
the bacterial flora. Because of t.he condition of the manure, 
it was impossible to obtain a perfectly uniform mixture, or to 
mix it with the soil as well as was desirable. 
36. Molliard, Bull. Sec. botan. France, 57, 541-547 (1909), Hutchinson and Miller, 
J. Agr. Sci., 4, 282. 
37. J. Am. Chern. Soc., 24 (1902) 1120. 
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Manure gathered as above was analyzed for total amino 
acid nitrogen, ammonia nitrogen and total nitrogen. For the 
amino acid nitrogen 100 grams was stirred with 400 c. c. of 
1 pe~' cent sodium hydroxide for a few minutes, the coarser 
particles were strained out and the liquid was then filtered 
through a folded, dry filterer. Aliquots were taken for dupli-
cate determinations and the solution was then carried through 
precisely the same procedure as the soil extract. 
For the ammonia determination, 50 g. of the manure was 
placed in 500 c. c. Kjeldahl flasks, 200 c. c. of water and about 
5 grams of sodium carbonate added and the ammonia deter-
mined by aeration. Aeration was continued until practically 
no more ammonia was being given off. 
The total nitrogen was determined in 2 g. samples obtained 
by drying and grinding a larger sample. The results are 
given in table V. 
It should be pointed out that the determinations were made 
on separate samples. That is, ammonia and amino acids were 
not determined on the same sample. The discrepancies of 
the resuts illustrated the non-uniformity of mixing. 'rhe re-
sults are calculated to the wet basis, that is, just as it was 
added to the soil. 
Amino 
Acid 
30.0 
32.0 
25.1 
24 . 3 
32.1 
33.1 
T'ABLE V 
NITROGEN IN P. P. M. WET MANURE 
I Average \ Total Ave· 11 Ammonia I Total Ave· jl Total I Average I Total 
I .......... 1 ......... . 1 140 I~ ... ,.,J... .. 5000 I· .. .. · .. .. .. .. .. .. 
.. . ~1: 0 ... :::: : ::::: I m I: : : : : : : : : : mg 5100 ...... .. 
24.7 I .......... 1 .•........ ......•••. 4920 I' .. 4795'" :::::::: 
... 32: 6 .. f . 29 X" :::::::::: 1 .... i52 .. . mg ... 5460 ..... 5iis" 
IJ ______ ~ ____ _L __ __ 
All of the pots were maintained as closely as possible at 
20 per cent moisture by replenishment of the evaporated water 
every two or three days with distilled water. The experiment 
was started on May 15, 1914, the first sampling was made on 
May 18, and then every two weeks until in all five samplings 
had been made. On each of the samples taken, amino acid, 
ammonia and nitrate nitrogen were determined by the fol-
lowing methods: 
Methods 
Amino A cid Nit1'ogen- At the first sampling, the moisture 
was immediately accurately determined. Enough of the fresh 
soil to give 150 grams of dry soil was put in a bottle and suffi-
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cient water and 4 per cent sodium hydroxide added to give 
600 c. c. of 2 per cent alkali; and after shaking two hours, the 
total amino acid nit.rogen was determined. 'l'hen the fresh 
soil, as soon as the soil had been withdrawn for the deter-
minat.ions of the amino acid nitrogen in the wet. soil, was 
quickly dried with tb-e aid of an electric fan. 1'he total amino 
acid nitrogen was then determined in t.he ail' dry soil in the 
usual way. The results using the fresh soil and the air dried 
soil were practically the same, so for the remaining samplings, 
air dried soil was used. The dissolved copper was titrated 
wit.h 0.001 N. sodium thiosulphate. Duplicate determinations 
were always run. 
Ammonia Nit1"ogen- Seventy··five g. air dried soil, 200 c. c. 
dist.illed water, 10 g. magnesia and a small piece of paraffin 
were placed in a copper flask and distilled, 150 c. c. of dis-
tillate being collected in 0.1 N. acid.~' The results by t.his 
method are, no doubt, high, but conditions were kept as nearly 
constant as possible, so the results are probably at least. COlU-
parable. 
Nitrates-The phenoldisulphonic acid method as modified 
by Chamot3S and collaborat.ors ,vas used throughout. As is 
well known, this method gives somewhat low results with 
higher amounts of nitrates. One hundred g. of soil and 2 g. 
of calcium carbonate were shaken for about. a half hour with 
200 c. c. of water and immediately filtered and an aliquot of 
the solut.ion so obtained immedit.ely evaporated to dryness; 
treated wth the phenoldsulphonic acid reagent. and after dilu-
tion potassium , or sodium hydroxide*" added unt.il the maxi-
mum color was produced. 
C. B. Lipman and Sharp 3D recommended the use of quick-
lime for the flocculat.ing agent in nitrate det.ermination. As 
they state, J. G. Lipman and P. E. Brown in their laboratory 
manual, "Soil Bacteriology", give direct.ions for the use of 
lime for such purposes, but Dr. Brown states that he always has 
used lime in the form of carbonate. It was thought desirable, 
therefore, t.o compare the action of these two flocculating 
agents. At. t.he same time, parallel t.ests were made with the 
aluminum reduction method, using in all essential principles 
the modification of Burgess!O The aeration apparatus de-
scribed elsewhere41 was made use of, 1'he solutions were 
.Since the experimental part of this paper was completed. the authors have worked 
out a method for the determination of ammonia in soils (Loc. Cit.) which is much 
more satisfactorv than the magnesia method. 
38. J. Am. Chern. Sec. 33 (1911) 381. 
•• The original directions call for potassium hydroxide, but we have found sodium 
hydroxide equally satisfactory. 
39. Univ. Cal. Pub. Agr, Sci.. 1 (1912) 21. 
40. Univ. Cal. Pub. Agri. Sci .. 1 (1913) 51. 
41. Loc. Cit. 
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transferred from the casseroles to the 500 c. c. Kjeldahl flasks, 
aluminum strips added and then the flasks were connected to 
their respective absorption bottles which contained a suitable 
quantity of 0.02 N. acid in 200 c. c. of water. After standing 
11-15 hours, the series was connected up and aerated and the 
excess acid titrated with 0.02 N. alkali, using alizarin red as 
the indicator. If the apparatus is at hand, this procedure 
takes much less time than that used by Burgess. 
Solutions of pure potassium nitrate were first experimented 
with. In each case, the respective flocculating agent was 
shaken with the solution at the rate of 2 g. per 100 c. c. of 
solution. Where both methods were used, aliquot parts of 
the same filtrate were used. The results given are averages 
of closely agreeing duplicates. 
'l'he results show that while the usc of calcium oxide gives 
low results with pure nitrate solutions by the colorimetric 
method, yet practically the entire amount is found by the re-
duction method. 
Comparative experiments were next carried out on soils 
with high and low nitrate content, some with known amounts 
of nitrate added. In all cases, one part of soil was shaken 
for a half hour or less with two parts of water, and the floc-
TABLE VI 
NITRATE IN P. P. M. 
FLOC. AGENT 
Present Found Color 
------------~-----------~------------
CaC03 . ... ....•..... 
CaO .......... • ..... 
CaC03 ........ . .... . 
CaO ............... . 
1 
1 
10 
10 
0.97 
0.40 
9.00 
6.60 
I Found Red 
I:::::::: ~:~~:::::::: 
I 9.66 
culating agent was added at the rate of 2 g. per 100 g. soiL 
The results given in table VI were all found by the colori-
metric method. 
The important point brought out by the above results is 
that calcium oxide gives decidedly low results with soils con-
taining a small amount of nitrogen. 
'rhe reduction and the colorimetric method were tried with 
soils which had been incubated 30 days with 0.150 g. ammo-
nium sulphate per 150 g. soiL The extraction of the nitrate 
was carried out as usual. 'l'he results given represent the 
amounts found in duplicate incubations and not duplicates on 
the same incubation. For the two methods, aliquot parts of 
the same filtrate were used. 
rhe above results show, in harmony with the experience of 
Soil No Lab. No. 
I I 
69 1 ....... . .... 1 
. . . . ........ . ....... 
"'// 1 355 ............ \ 
. . . . . . .. ..•......... 
.................... 
........ · .... · ...... i 
Soil No. 
C 
D 
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TABLE VII 
NITRATE IN P. P. M. 
Floc. 
CaC03 
CaC03 
CaO 
CaO 
CaC03 
CaC03 
CaO 
CaO 
CaC03 
CaC03 
CaO 
CaO 
Added 
None 
3.0 
None 
3 .0 
None 
3.0 
Nont 
3.0 
None 
3.0 
None 
3.0 
TABLE VIII 
Floc Agent 
CaC03 
CaC03 
CaO 
CaO 
CaC03 
Ca03 
CaO 
CaO 
Found 
6.7 
9.6 
2.0 
2.9 
14.7 
17.6 
7.6 
7.6 
2.2 
5.0 
1.6 
3.1 
I Recovered I % Recovered 
I 
\ ..... 2 : 9 .... .. .. 97 : 0 ... . 
I 
.. · .. 0:9 ........ 30:0 .. .. 
. . . . . . . . . . .. ..... . .... .• 
2.9 97.0 
...... . ............ . .... 
None 0 0 
2.8 93.0 
1.5 50.0 
NITRATE IN P. P. M. 
Color Red 
152 183 
152 176 
135 Lost 
139 175 
145 171 
149 170 
139 169 
Lost 169 
others, that the colorimentric method gives somewhat lower 
J'esults than the reduction method. With the former method, 
calcium oxide produces somewhat lower results than calcium 
carbonate, while there is no apparent difference by the reduc-
tion method. 
From the data which are presented, one is forced to the 
conclusion that with soils low in nitrates the use of calcium 
carbonate is to be preferred over calcium oxide, and when 
the colorimetri'c method is to be used, the carbonate is always 
better. The carbonate in all cases yields as clear and as nearly 
colorless a solution as the oxide. As to the reason for the low 
results by the colorimetric method with the calcium oxide, 
we are not prepared to answer. While the subject is, no 
doubt, worth more complete investigation, since the calcium 
carbonate has proven to be entirely satisfactory, we have not 
seen fit to carry the subject any further. 
The Rest~lts of the Pot Experiment 
Before entering into a discussion of the results from the 
first sampling, the amounts of amino acids present immediately 
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after addition of the manure will be computed. They will be 
computed on the air-dry basis, thus making them comparable 
to the results found by analysis of the samplings. 
Amino Acid Nitrogen in P. P. M. Air-Dry Soil 
Pots Nos. 
1, 2,3.4 .. ..................... .... 10.8 (by analysis) 
5, 6, 13, 14 ......... . .............. 11 .0 computed 
7, 8, 15, 16 .. .. __ .................. 11,2 computed 
9, 10, 17, 18 ........................ 11.4 computed 
19, 20, 21, 22 .... ................ .. 11.8 computed 
It was not thought best to include these values in the curves 
which are given later, as the differences between the amino 
acid results as computed and those found on the third day 
are so small that any apparent difference might be due to 
analytical errors rather than actual change. It would be 
manifestly inadmissable to compute the ammonia values as 
was done for the amino acid nitrogen, for the ammonia values 
as found in the soil by the magnesia method are undoubtedly 
too high; hence to add the value so obtained to that found to 
be actually present in the manure, would be in no way com-
parable to amounts found later for the soil and manure by 
the magnesia method. It would be no more permissible to 
find the ammonia in the manure by the magnesia method and 
then compute values for the various pots, for the organic 
matter in the manure and soil would not decompose to the 
same extent when together as when separate. 
No nitrates were present in the manure, and less than 0.5 
p. p. m. were present in the soil at the start. 
The results obtained on the first sampling, three days after 
making up the pots to the proper moisture are given in table 
IX. 
'rhe results are given in table IX with respect to the 
amino acid show very little difference between the limed and 
the unlimed soils, while the amount rises with increasing ap-
plication of manure. '!.'here is a slightly lower amount in the 
pots with no manure and with the smaller applications than 
the computed original values, while the more heavily manured 
soils show slightly higher values than the calculated one. 
']'he differences are, however, so small, that no conclusions 
should be drawn. 
'rhe &mmonia results are quite interesting. All the soils 
show greater amounts than the check pots, and the unlimed 
manured pots are higher with greater amounts of manure, 
while the limed manured pots show, in general, decreasing 
ammonia content, with increasing applications of manure. 
'rhese results are somewhat surprising when it is considered 
that the limed unmanured soils have more ammonia than the 
344 
TABLE IX 
NITROGEN IN P. P. M. AIR DRY SOIL 
Pot No. 
Amino ACid l I I I Ave. Ammonia Ave. Nitrate Ave. 
1 10.2 I· ... iii: i .... 50.4 I:::: ~~:~:::: 6 .4 · . . . . . . . . . 2 10.0 46 .3 6.4 6.4 3 10.5 . . . . . . . . . . . . 56.0 6.4 .......... 
4 9.5 
/ .... ~O:~ .... 51. 8 53.9 6.4 6.4 5 10.6 50 . 4 ............ 4.4 . ......... 
6 10.6 
/ .... 1~: 6 .... 60.2 55.3 1.8 3.1 7 10.6 65.8 . ........... 2.2 CY2:::: 8 11.0 / .... ~~: 8 .... 56.0 60.9 2.2 9 12.9 62.3 · . . . . . . . . . . . 0.8 
10 Lost 
\ .... :::: .... 1 
65.5 64.4 0.8 1 0.8 
11 11.8 70.7 · . . . . . . . . . . . 0.6 . ... ...... 
12 14.0 70.0 70.4 0.6 O.G 
13 10.0 ............ 67.2 ..... . .. . ... 3.2 . ......... 
14 10.6 10.3 53.2 60 . 2 3.2 3 . 2 
15 10.7 . ...... . .... 57.4 ....... . .... 1.3 · . . . . . . . . . 
16 11.2 11.0 60.2 58.8 2.6 1.95 
17 10.9 ............ 46.9 · . . . . . . . . . . . 0.84 0.82 
18 11.5 11.2 48.3 47.6 0.8 .......... 
19 12.8 ........ .. .. 49.0 ............ 1.2 · . . . . . . . . . 
20 12.2 12.5 57.4 53.2 0.8 1.0 
check pots. Any answer must necessarily be purely specu-
lative, yet no doubt, lime enhances the action of the bacteria 
introduced with the manure, which tends to diminish the 
ammonia, either by direct assimilation or nitrification and sub-
sequent assimilation. In connection with this, it should be 
pointed out that by the application of wet manure, a large 
amount of urea, which is readily ammonified, is introduced. 
As to nitrates, there are no differences which could not be 
attributed to analytical errors between the limed and unlimed 
soils. There is a striking decrease in the amount of nitrate 
nitrogen with increasing amounts of manure. Two explana-
tions of this suggest themselves, namely, denitrification and as-
similation. Which of these is correct or whether it is a com-
bination of the two, it is not possible to state. 
From the results given in table X, which were obtained 
two weeks after the first sampling, it is seen that there is a 
decided decrease in the amount of the amino acid nitrogen. 
The tendency is, except for the unmanured soils, for the un-
limed to run higher than the limed, with only slightly more 
amino acid nitrogen in the heavily manured soils than in 
those with no manure. 
As to the values for the ammonia, there is a tendency for 
them to be not so widely divergent as on the first sampling. 
The limed manured soils are slightly above the unlimed ma-
nured, while the limed unmanured are below the check. 
The nitrates are present in each case in slightly higher 
amounts than on the first sampling, and the same differences 
hold. 
Pot No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Amino Acid 
5.04 
6.44 
6.72 
5.60 
7.56 
8.96 
7.28 
8.12 
8.68 
8. 12 
8.68 
9.52 
5.88 
7.56 
5.88 
7.84 
5 . 88 
8 .12 
6.16 
7.84 
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TABLE X 
NITROGEN P. P. M. AIR DRY SOIL 
, Ave. Ammonia , Ave. Nitrate 
1 ............ 1 44 . 4 . . .......... 18.9 
5.74 47 . 6 46.0 27.7 
............ 38 . 8 . ........ . .. 18.9 
6. 16 44 . 8 41.8 21.6 
............ 37 . 8 . ........... 8.0 
8.31 42.3 40.0 9 . 6 
............ 40 . 6 . .... . ...... 5 . 6 
7.70 47 . 6 44.1 4.0 
.... . ....... 47.9 ............ 2.2 
8.40 39 . 8 43.9 2.2 
............ 39 . 2 . . .. . ....... 1.1 
9 .10 44.8 42.0 1.6 
..... . ...... 41. 0 ........... . 10.0 
6 .72 45.3 43. 1 9.6 
... . ... . . . .. 47 .1 · . . . . . . . . . . . 4 .0 
6.86 44.8 45.9 5.0 
... ... . ... .. 45.3 · . . . . . . . . . . . 1.7 
7.00 52.3 48.8 2.3 
... . ........ 46 . 5 .... . .... .. . 1.7 
7 . 00 52 .1 49.3 1.3 
, Ave. 
----
· . . . . . . . . . 
23.3 
· . . . . . . . . . 
20.3 
. ......... 
8 . 8 
· . . . . . . . . . 
4.8 
. ......... 
2 . 2 
. ......... 
1.45 
· . . . . . . . . . 
n.8 
· . . . . . . . . . 
4.5 
. . . . . ... .. 
2.0 
· . . . . . . . . . 
1.5 
In the check pot there is a decided increase in the amount 
of amino acid nitrogen from the second sampling to the third 
the results of which are given in table XI. 'rhe manured 
unlimed soils show a slight drop in the amino acid nitrogen, 
with the exception of the highest manured With the excep-
tion of the unmanured soils, all the limed pots show a decided 
rise, the greatest rise being in the soils with the heaviest ap-
plication of manure. As before, however, t he heavily ma-
TABLE XI 
NITROGEN IN P. P. M. AIR DRY SOIL 
Pot No. 
Amino ACid ' , , Ave. Ammonia Ave. Nitrate Ave. 
1 7.56 1 .... 7:42 ... . 48.3 :::: ~9:0::: : I 24.0 · . . . . . . . . . 2 7 . 28 49 . 7 20.8 22.4 3 Lost . .... . .... .. 44.8 30.0 · . . . . . . . . . 
4 6. 16 6 .16 46.2 45.5 I 26.4 28.2 
5 6.72 I . . . . . . . . . . . . 48.3 .. . ......... 16.0 . .. . .. .... 
6 6.16 
, .... s~~: .... 49.7 49.0 14 . 4 15.2 7 6.~2 51. 8 .. . . . . .. . .. . 11.2 · . . . . . . . . . 8 7 .00 54 . 6 53 . 2 9 . 6 10.4 
9 8.12 ... . . ..... .. 54.6 ........... . 7.6 · . . . . . . . . . 
10 7 . 84 7.98 56 .0 55.3 8.8 8.2 
11 9.24 ............ 61. 6 ......... . .. 10.2 . . ........ 
12 9.24 9.24 63.0 62 . 3 12.4 11.3 
13 9.24 ............ 56.0 .. . .... . ... . 10.8 · . . . . . . . . . 
14 9.52 9.38 56.0 56.0 8.8 9 . 8 
15 9 . 52 . . . . . . . . . . . . 51.8 · . . . . . . . . . . . 14.0 . ... . ..... 
16 9 . 52 9 . 52 54.6 53.2 14.0 14.0 
17 10.40 
1 .... i:Oi .... 49.7 . .. ........ . 8.4 I .... s>i· .. 18 9 . 80 54.6 52.2 5 . 0 
19 L ost .... . ...... . 54.6 . ........... 4.8 . ....... . . 
20 11.20 11 .2 44 . 8 49.7 4.0 4.4 
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nured soils show but slightly higher amounts than the unma-
nured. 
The ammonia results show also an increase over the second 
sampling. No very consistent differences are to be noted be-
tween the limed and the unlimed. 
'rhe nitrates are beginning to show quite inconsistent vari-
ations. There is, however, a decided increase in all cases. 
It still holds that increase in manure causes adverse in nitrates. 
'rhe results of the fourth sampling are given in table XII. 
The values for the amino acid nitrogen in the unlimed soils 
do not appear to be consistent. 'rhe check pots, the pots with 
the highest and lowest amounts of manure, show a slight de-
crease from the third sampling, 'while the remainder are some-
what higher. There is no obvious explanation for this. For 
the limed pots, the amino acid nitrogen shows a decided de-
crease, the greatest decrease being with the highest amounts 
of manure. 
The values for the ammonia nitrogen also show, in general, 
a slight decrease, the unlimed slightly greater than the limed. 
It is quite possible that the lesser decrease in ammonia in the 
case of the limed pots is bound up with the greater decrease 
of the amino acid nitrogen in the same pot.s. 
There is a great increase in the amount of nitrates in all 
cases, the manured pots increasing relatively more than the 
unmanured. The limed pots, with the higher amounts of ma-
nure, show decidedly lower results than the corresponding 
unlimed soils. Evidently assimilation is still keeping ahead 
of ni trificat.ion. 
TABLLE XII 
NITROGEN P. P. M. AIR DRY SOIL 
Pot No. 
Amino Acid I I 1 I Ave. Ammonia Ave. Nitrate Ave. 
1 I 5.60 1 .... 5:40 .... 1 45.5 i::: :~~:z:::: 27.2 . . . . . . . . . . 2 5.32 44.8 24.0 25.6 3 I 5.04 44.1 32.0 . .. ..... .. 4 5.04 1 .... 5:04 .... 44.8 44.5 35.2 33.6 5 5.04 I· .......... · 46.2 . . . . . . . . . . . . 28.8 .......... 
6 5.60 1 5.32 45.5 45.9 24.0 26.4 
7 7.84 1 • • • • • • • • • • • • 45.5 ............ 24.8 • •••••• '0' 
8 7.84 
1 .... ::
84 
. ... 
49.0 47.3 25.6 25.2 
9 7.84 48.3 . .... . .. . ... 28.8 .......... 
10 9.24 8.54 46.9 47.6 33.6 31. 2 
11 8.12 1 . • • • . • . . . • • • 59.5 ... . ........ 40.0 . ......... 
12 9.24 
/ .... ~:~~ .... 49.0 54.3 41.6 40.8 13 5.88 51.1 .. . ........ . 33.6 .......... 
14 6.'12 I .. .. ~:l: .... 66.5 55.8 28.8 31. 2 15 Lost 49.0 ............ 35.2 . . . . . . . . . . 16 Lost 49.0 49.0 28.8 32.0 
17 7.28 I· ........ .. · 46.9 . . ... ....... 19.2 ...... .. .. 
18 Lost I .... ::2~.: .. 53.0 49.9 Lost 19.2 19 7.00 51.8 ... . ........ 16 . 0 .......... 
20 7.56 7.28 46.9 49.3 19.2 17 .6 
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In table XIII, the results obtained on the fifth and last 
sampling are given. There is, in general, a decrease in the 
amount of amino acid nitrogen, the greater decrease being, as 
before, in the limed soils. The more heavily manured soils 
still show but slightly higher amounts than the unmanured. 
The values for the ammonia nitrogen show also a decided 
decrease from the fourth to the fifth sampling. 
'rhere is an increase in the amounts of nitrates in most 
cases, but the increase is not so great as on the fourth sam-
pling. 
TABLE XIII 
NITROGEN IN P. P. M. OF AIR DRY SOIL 
Pot No. 
Amino Acid I Ave. Ammonia Ave. Nitrate Ave. 
1 5.60 1····uf··1 31. 5 \ .. ··~6°f· · I 35.2 \ "·~U··· 2 4.76 30 . 1 25.6 2 4.76 30.1 25.6 
4 5.04 4.76 31.5 31.5 32.0 30.4 
5 6.16 I . . . . . . . . . . . . 30.1 ...... . ..... 28.8 . ......... 
6 6.72 I .... 6:~4 . ~ .. 31. 5 30.8 32.2 30.5 7 6 . 44 35.7 .... .. ...... 20.8 . ......... 
8 6.44 I 6.44 33 . 6 
:::::::I::::I 
20 . 8 20.8 
9 6.44 \····6: 72···· 39.2 38.4 . . . . . . . . . . 10 7.00 30.1 40.0 39.2 
11 8.40 I·· ·· s:i2···· 1 33.6 33.6 .......... 12 7.84 33.6 44.8 39.2 
13 Lost I· . . . . . . . . . . . 31.5 
····33:6 ··· ·1 32.0 .......... 14 3.64 I ····::~:··· ·1 35.7 32.0 32.0 15 3 . 64 37.1 1··· ·35:4"··· \ 35 . 2 .......... 16 3.78 33.6 40.0 37.6 
17 3.92 1····3:85··· .: 33.6 I··· ·35:4···· 27.2 .......... 18 3.78 37 . 1 Lost 27 . 2 
19 5.32 \····5:32···· \ 33.6 ' ·· ··37:5 ··· ·1 36.4 25.8 20 5.32 41. 3 15.2 .......... 
I· I 
The results given in the foregoing tables have bepn ~lotted, 
the points being joined by straight liries. It will not be neces-
sary to discuss the plates much in addition to what has already 
been written of the tables. 
In plate 1, the results for t.he amino acid nitrogen are plotted. 
It is seen that in general there is a decrease of these compounds. 
The values for the manured soils are bnt slightly higher than 
for the unmanured. This is perhaps the most striking fact 
brought. out by the experiment. 'rhere is no tendency for an 
accumulation of these products under the conditions of the 
!'xperiment. Another noteworthy fact emphasized by the 
curve is the greater consistency of the results for the limed 
pots. Perhaps a reason for this is that the microbiological 
activities proceed more normally in a medium of the reaction 
induced by the lime. 
But little more need be said in regard to the ammonia results 
plotted in plate 2. In a general way, they follow t.he amino 
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acid results. When the experiment stopped, as with the 
amino acid, the ammonia content was decreasing. 
In plate 3, which shows the nitrate results, the most striking 
thing brought out is that the curves for the unmanured soils 
are below the curves for the manured soils, in the case of the 
unlimed soils for the first three samplings and for the limed 
soils for the first four samplings. 'rhis points to two conclu-
sions, or a combination of the two, namely denitrification or 
assimilation, or a combination of the two. If denitrification 
takes place to any great extent, it might be followed by total 
l1ltrogen determinations. In this laboratory at present there 
are some very carefully controlled experiments along this 
line being carried out. 
Conclusions 
The conclusions to be dra'wn from the work r eported in 
this bulletin are as follows: 
1. '!.'he work of Chardet, wno used . the Sorenson method 
and found from 49 to 68 per cent of the soil nitrogen to be 
amino acid nitrogen, was not confirmed. Practically no amino 
acid nitrogen could be found in soil by this method. 
2. 'rhe Kober method as applied to soils gave the following 
results: 
A. No amino acid nitrogen could be found in the dilute acid 
extract of soils. 
E. Upon adding small quantities of amino acid to a soil and ex-
tracting with dilute acids, no amino acid could be found. 
C. Upon 3idding 'small quantities 'Of amino acids to a soil and 
pl{tracting with dilute alkali, practically the entire ,llnOI:r: i: added 
wa" recovered. 
D. 1 het-e was found to be no difference in the Q1Mi1tity of alllillo 
acid I,itrogen 'extracted by dilute alkali in one, two, lour and BIX 
heurs. 
lJ. A few soils were analyzed for free amino acid nitrogen, tQhl 
a!~ino acid nitrogen and total peptide nitrogen, with the followtng 
results: 
Soil 
A 
B 
C 
NITROGEN IN P. P. M. AIR-DRIED SOIL 
PeTo~r\.~fi~oil 1--------------,-----
I Free Am. Ac. I Total P eptide 
0.151 
0.180 
0.21 
Total Am. Ac. 
7.95 
23 .10 
23.10 I ...... 1~:~g ...... 1 . . : . . . ~~:~ .. . .. . 
3. The following conclusions may be drawn from the inves-
tigations on the nitrate method: 
A. Calcium oxide, whren shaken with a solution of pure potassium 
nitrate causes a lowering in th'e amounts of nitrates found by the 
phenoldisulphonic acid method in the solution obtained by filtering 
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off the excess oxide. Practically the entire amount is given by the 
aluminum reduction method. 
E. Calcium carbonate, used in the place of calcium oxide with 
pure nitrate s'olutions causes practically no lowering in the nitrates 
found by either the phenoldisulphonic acid method or the aluminum 
r·eduction method. 
C. In soils containing below 20 parts per million of nitrate nitro-
gen the use of caJcium oxide as the flocculating agent gives decidedly 
lower results and when calcium carbonate is used, the phenoldisul-
phonic acid meth'Od being used in both cases . 
D. Upon adding nitrates to soils low in nitrate nitrogen (below 
20 p. p. m.) only from 0 to 50 per cent was recover,ed using calcium 
oxide as the flocculating agent and the phenoldisulphonic acid 
method. Substituting calcium carbonate for the oxide about 97 per 
oent was recovered in most cases. 
E. With soils containing between 100 and 200 p. p. m. of nitrate 
nitrogen per million parts of soil, the use of calcium oxide gives 
results about 10 per cent lower than when calcium carbonate is used, 
in both cases the phen'oldisulphonic acid method being used. By 
the aluminum reduction method there is no apparent difference in 
the action of the two flocculating ag,ents, but the reduction method 
in all cases gives results d,ecidedly higher than the phenoldisul-
phonic acid method. 
F. The modification of the aluminum reduction method proposed 
by Burgess was found to be satisfactory in all respects. 
The conclusions to be drawn from the pot e'Xperiment are as fol-
lows: 
A. There is no tendency for the amino acid to accumulate under 
the conditi-on of the experiment, namely in a limed and unlimed acid 
soil, in a heavily manured and limed, and a heavily manured unlimed 
acid soil. 
B. The amino acid n~troge n was p'resent in the soH in less amounts 
than the ammonia nitrogen, but in a general way it fluctuates with 
the ammonia nitrogen. 
C. The so.iJs with the high er amounts of manure show a decided 
decrease in the amount of nitrate nitrogen at first, but after from 
four to SiX weeks, there is a decided increase. 
